A Gram-negative, rod-shaped bacterial strain, YC6729
C 16 : 1 v5c, iso-C 17 : 0 3-OH, C 16 : 0 , anteiso-C 18 : 0 and/or C 18 : 2 v6,9c, iso-C 15 : 0 2-OH and/or C 16 : 1 v7c, C 14 : 0 , iso-C 15 : 0 3-OH, iso-C 15 : 1 G, C 18 : 1 v5c, iso-C 15 : 1 I and/or C 13 : 0 3-OH, C 13 : 0 2-OH, C 16 : 0 3-OH and unknown fatty acid ECL 13.565. The polar lipid profile contained phosphatidylethanolamine, unknown aminolipids and unknown lipids. The total DNA G+C content of strain YC6729
T was 48.9 mol%. The phenotypic, chemotaxonomic and phylogenetic data showed that strain YC6729 T represents a novel species of the genus Chitinophaga, for which the name Chitinophaga eiseniae sp. nov. is proposed. The type strain is YC6729 T (5KACC 13774 T 5DSM 22224 T ).
The genus Chitinophaga, first described by Sangkhobol & Skerman (1981) , is the type genus of the family Chitinophagaceae (Kämpfer et al., 2011) . Kämpfer et al. Vermicompost (VC) is an organic manure (bio-fertilizer) produced as the excreta of earthworms feeding on biological waste materials. Vermicomposting decomposes organic material through the joint action of earthworms and their constituent gut micro-organisms. The rapid transformation in physico-chemical and biochemical properties makes vermicomposting suitable for management of industrial wastes (Aria et al., 2002) . During analysis of the bacterial community in VC, we isolated many novel strains by using an improved isolation method (Aslam et al., 2009 ). Here we report the taxonomic characterization of one of these isolates, strain YC6729 T , and show that it represents a novel species of the genus Chitinophaga.
VC samples, prepared from paper mill and dairy sludge, were collected from a commercial farm located at Masan, Korea. One gram (fresh weight) of VC was dispersed in a 100 ml aliquot of sterile distilled water. This was then either treated (sonication) in an ultrasonic homogenizer (Bandelin Electronics) at 15 % power with 5 s on/5 s off pulse for 20 s in a 1.5 ml polypropylene microcentrifuge tube in an ice box or was left untreated prior to serial dilutions (10
23
- 10 27 ) (Janssen et al., 2002) . Two hundred microlitres of each dilution from sonicated and untreated samples was spread on three replicate plates of 0.08 g nutrient broth l 21 (Difco) supplemented with VC aqueous extract (20 %, w/v, 0.2 mm filter-sterilized) and 1.5 % agar.
The plates were incubated at 25 uC for 2 weeks and isolates were purified by subculturing on 1/10-strength nutrient agar (NA) media without VC aqueous extract. Strain YC6729 T was routinely cultured on half-strength tryptic soy agar (TSA) media [tryptic soy broth (TSB) 15 g l 21 , 1.5 % agar] at 30 u C.
Cell morphology was observed under a Nikon light microscope at 61000 magnification and the presence of flagellum was investigated by transmission electron microscopy (model H-600; Hitachi) with cells grown for 24 h at 30 uC in R2A broth (MBCell, Korea). The Gram reaction was determined by using the bioMérieux Gram stain kit according to the manufacturer's instructions. Catalase and oxidase tests were performed according to the procedures outlined by Cappuccino & Sherman (2002) . Hydrolysis of casein, aesculin, gelatin, starch, tyrosine and urea (Brown, 2007) , cellulose (Hendricks et al., 1995) , xylan (Ten et al., 2004) , and Tweens 20 and 80 (Atlas, 1993) was determined by using tests as described in the original publications. Enzyme activities and acid production from different carbohydrates were determined by using API ZYM and API 20E kits, respectively, at 30 uC according to the manufacturer's instructions (bioMérieux). Assimilation of various substrates was determined by using API 20NE and Biolog GN2 micro plate assays as recommended by the manufacturers. Growth at 4, 15, 20, 25, 28, 30, 37 and 42 u C and pH 5.0-12.0 (intervals of 0.5 pH units) was assayed after 5 days of incubation. Growth on nutrient agar (NA), Luria-Bertani (LB) agar, MacConkey agar, TSA and R2A agar was also evaluated at 30 u C after 5 days of incubation. All culture media were from Difco. Growth under anaerobic conditions was determined after 7 days at 30 u C in an anaerobic GasPak jar containing an atmosphere of CO 2 (Gas-Pack System; Becton Dickinson). Cells were also grown anaerobically by pouring a thick layer of vaspar (50 % petroleum jelly, 50 % paraffin) on the surface of inoculated half-strength TSB in 35 ml screw-capped glass tubes (Costilow, 1981) . Salt tolerance was tested in R2A broth supplemented with 0-6 % (w/v) NaCl (at 0.5 % intervals) after 5 days of incubation at 30 u C. Duplicate antibiotic-sensitivity tests were performed by using filter-paper discs containing 10 mg tetracycline, 30 mg kanamycin, 10 mg penicillin, 10 mg streptomycin, 10 mg rifampicin, 30 mg Table 1 . Differential phenotypic characteristics between strain YC6729
T and the type strains of related species of the genus Chitinophaga Gelatin chloramphenicol, 10 mg gentamicin or 30 mg vancomycin. Gliding motility was tested by using the hanging drop technique as described by Bernardet et al. (2002) . Flexirubinlike pigments were observed by flooding the plates with 20 % (w/v) potassium hydroxide (Fautz & Reichenbach, 1980) . Inhibitory activity on the growth of plant-pathogenic fungi was determined by a disc diffusion bioassay. Paper discs were impregnated with 20 ml of a bacterial suspension containing approximately 10 8 c.f.u. ml 21 and then placed on potato dextrose agar opposite the target fungi. The plates were examined after 7 days of incubation by measuring the zone of inhibition around the paper discs.
Strain YC6729
T was Gram-negative. Cells were non-motile, aerobic and rod-shaped. Strain YC6729
T exhibited positive reactions for oxidase and catalase activities. The strain grew well on R2A, TSB, LB and nutrient broth media supplemented with 1.5 % agar, but did not grow on MacConkey agar. Strain YC6729
T showed antifungal activity against the plant-pathogenic fungi Colletotrichum coccodes, Pythium ultimum and Fusarium moniliforme.
T was positive for flexirubin-type pigments. The presence of flexirubin pigments was demonstrated by a fast shift of colony colour from yellow to reddish brown after the addition of 20 % KOH and the retention of the original colour upon addition of HCl. Physiological and biochemical characteristics of strain YC6729
T are summarized in the species description below and a comparison of selective characteristics with the type strains of related species is given in Table 1 .
The cellular fatty acids of strain YC6729
T and related type strains were analysed by using colonies grown on halfstrength TSA for 48 h at 30 u C. Analysis of fatty acid methyl esters was performed by using the Sherlock Microbial Identification System version 4.0 and the TSBA40 database (MIDI). Menaquinones were isolated according to the methods of Minnikin et al. (1984) and were separated by HPLC (Kroppenstedt, 1982) . Polyamines were analysed as described by Busse & Auling (1988) and Busse et al. (1997) . For the measurement of G+C content of the chromosomal DNA, the genomic DNA of strain YC6729
T was extracted and purified as described by Ausubel et al. (1995) . It was then enzymically degraded into nucleosides and G+C content was analysed by HPLC (Mesbah et al., 1989 ) with a reversed-phase C18 column. Polar lipids were extracted according to a modification of the method of Minnikin et al. (1984) and separated by TLC on a Merck Kieselgel 60-HPTLC. Aminolipids were detected by spraying the plate with a 0.2 % (w/v) solution of ninhydrin in butanol saturated with water followed by heating at 105 u C for 10 min (Ross et al., 1985) . Phospholipids were detected by spraying the plate with Zinzadze reagent of Dittmer & Lester (1964) . Glycolipids were detected with 1-naphthol spray reagent by heating at 100 u C for 3-5 min (Jacin & Mishkin, 1965) . Total lipid profiles were detected by spraying with phosphomolybdic acid solution (Sigma-Aldrich) followed by heating at 150 u C for 10 min.
The major cellular fatty acids (.5 %) of strain YC6729 T were iso-C 15 : 0 (30.9 %), C 16 : 1 v5c (21.3 %), iso-C 17 : 0 3-OH (9.4 %), C 16 : 0 (6.1 %), and anteiso-C 18 : 0 and/or C 18 : 2 v6,9c (5.1 %). The cellular fatty acid profile of strain YC6729
T was generally similar to those of the type strains of the Chitinophaga species tested (Chitinophaga terrae, Chitinophaga ginsengisegetis, Chitinophaga arvensicola and Chitinophaga pinensis) although anteiso-C 18 : 0 and/or C 18 : 2 v6,9c (5.1 %), iso-C 15 : 1 G (3.0 %), C 18 : 1 v5c (2.9 %), iso-C 15 : 1 I and/or C 13 : 0 3-OH (2.0 %), C 13 : 0 2-OH (1.8 %) and unknown fatty acid ECL 13.565 (3.8 %) were only detected in strain YC6729
T . Differences in the above fatty acids and in the concentration of major fatty acids (Table 2 ) differentiated strain YC6729
T from the type strains of closely related species of the genus Chitinophaga. The major respiratory quinone detected in strain YC6729 T was MK-7 and homospermidine was the major polyamine. *Summed features represent groups of two or three fatty acids that could not be separated by GLC with the MIDI system. Summed feature 1 comprised iso-C 15 : 1 I and/or C 13 : 0 3-OH; summed feature 3 comprised iso-C 15 : 0 2-OH and/or C 16 : 1 v7c; summed feature 4 comprised iso-C 17 : 1 I and/or anteiso-C 17 : 1 B; summed feature 5 comprised anteiso-C 18 : 0 and/or C 18 : 2 v6,9c. DECL, equivalent chain-length. The DNA G+C content of strain YC6729 T was 48.9 mol%. Strain YC6729
T exhibited a polar lipid profile consisting of phosphatidylethanolamine as the major component, together with aminolipids and unknown lipids. Although strain YC6729
T shared phosphatidylethanolamine as the major polar lipid with C. pinensis KACC 12763 T , unknown aminolipid AL3 and unknown lipid L3 were only detected in strain YC6729
T (see Supplementary Fig. S1 available in IJSEM Online).
Extraction of genomic DNA was performed by using a commercial genomic DNA extraction kit (Core Biosystem). The 16S rRNA gene of strain YC6729
T was PCR-amplified from the purified genomic DNA by using primers 27F and 1492R (Lane, 1991) . The purified PCR product was sequenced by GenoTech Inc. The 16S rRNA gene sequence of strain YC6729
T was compiled by using SeqMan software (DNASTAR) and the sequences of related taxa were obtained from the GenBank database. Multiple alignments were performed with the CLUSTAL X program (Thompson et al., 1997) . Gaps were edited in the BioEdit program (Hall, 1999) . A phylogenetic tree was reconstructed by using the neighbour-joining method (Saitou & Nei, 1987) in the program MEGA4 (Tamura et al., 2007) with bootstrap values based on 1000 replications (Felsenstein, 1985) . Pair-wise sequence similarity values between strain YC6729
T and related taxa were computed by using the EzTaxon server (Chun et al., 2007) .
The 16S rRNA gene sequence of strain YC6729
T was a continuous stretch of 1488 nt. Phylogenetic analyses of 16S rRNA gene sequences showed that strain YC6729
T is related closely to species of the genus Chitinophaga (Fig. 1) T , respectively, and less than 96.1 % sequence similarity with respect to other taxa used in the phylogenetic analysis (Fig. 1 ).
Phylogenetic analysis, enzyme activities and differences in other physiological and biochemical characteristics (Table  1) together with the fatty acid profile (Table 2) clearly distinguish strain YC6729
T from closely related species of the genus Chitinophaga. Thus, on the basis of the data presented, we suggest that strain YC6729
T represents a novel species of the genus Chitinophaga, for which the name Chitinophaga eiseniae YC6729 T sp. nov. is proposed.
Description of Chitinophaga eiseniae sp. nov.
Chitinophaga eiseniae (ei.se9ni.ae. N.L. n. Eisenia a genus of earthworm used for vermicomposting, which is the source of isolation of the type strain; N.L. gen. n. eiseniae of Eisenia).
Cells are Gram-negative, aerobic, non-spore-forming, nonmotile rods (0.4-0.561.2-1.6 mm). Colonies are smooth, convex, circular, transparent and yellowish after 2 days of incubation at 30 uC on R2A agar. The optimal growth temperature is 30 u C and growth occurs at 15-42 u C. Grows at pH 6.0-10.0, with an optimum of pH 6.5-8.5. Growth occurs in the absence of NaCl and no growth occurs in the presence of .2.5 % (w/v) NaCl in R2A broth. Resistant to streptomycin, penicillin and gentamicin (all at 10 mg), and 30 mg kanamycin, but Positive for the following enzyme activities (API ZYM): alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase and a-mannosidase. Negative for lipase (C14), a-chymotrypsin, b-glucuronidase and a-fucosidase. The predominant menaquinone is MK-7 and the major polyamine is homospermidine. The polar lipid profile contains phosphatidylethanolamine, unknown aminolipids and unknown lipids. The fatty acids are iso-C 15 : 0 , C 16 : 1 v5c, iso-C 17 : 0 3-OH, C 16 : 0 , anteiso-C 18 : 0 and/or C 18 : 2 v6,9c, iso-C 15 : 0 2-OH and/or C 16 : 1 v7c, C 14 : 0 , iso-C 15 : 0 3-OH, iso-C 15 : 1 G, C 18 : 1 v5c, iso-C 15 : 1 I and/or C 13 : 0 3-OH, C 13 : 0 2-OH, C 16 : 0 3-OH and unknown fatty acid ECL 13.565. The DNA G+C content of the type strain is 48.9 mol%.
The type strain, YC6729
T (5KACC 13774 T 5DSM 22224 T ), was isolated from VC at Masan, Korea.
